Objective: This study investigated the role of self-perceived oral health and normative need on dental services utilization by US adults aged ≥30 years from the 2011-2014 National Health and Nutrition Examination Survey (NHANES). Methods: Data on 5,806 dentate adult NHANES participants were analyzed. Key independent variables were self-perceived oral health and normative need assessed by a dentist. The dependent variable was dental visit within the past 12 months. Select sociodemographic variables were adjusted for in logistic regression models using SAS survey procedures.
Introduction
Promoting frequent dental visits allows dental health professionals to provide preventive oral health services, health education, early diagnosis, and prompt treatment of oral health conditions (1) . In the United States, utilization of care is used as a proxy measure of an individual's or a population's capacity to maintain or improve health status (2) . This approach is used by Healthy People 2020 (HP2020) with the identification of annual dental visits as a leading health indicator (LHI) (3) . This oral health objective monitors dental services utilization among children, adolescents, and adults with a target of having 49 percent of the US population receive an annual dental visit (3) . From 2007 to 2014, there was no improvement (44.5 versus 43.2 percent) in the percentage of children and adults who reported having a dental visit in the past 12 months, indicating a potential challenge in reaching the end-of-decade target (3) .
Dental care needs are classified as perceived or normative and each is related to dental utilization in a different manner (4) . Exploring the associations between selfperceived oral health, normative need, and utilization may be helpful in addressing known gaps in health care utilization and reducing oral health disparities.
Self-perceived oral health ratings represent subjective, individual perspectives of oral health status (5) . Subjective measures are easy to administer and knowledge about selfperception can lead to better understanding of dental utilization behavior (6, 7) . Several studies have demonstrated that self-perception of oral health is associated with dental visits (7) (8) (9) ; individuals with poor perception of oral health are more likely to lack regular dental care, and dental visits can influence individual perception of oral health status. However, there are inconsistencies in the literature indicating differences in self-perceived of oral health based on age or racial/ethnic group of the study subjects. For example, a study of Korean-Americans aged ≥60 years showed that participants with fair or poor self-rating of oral health reported a higher number of dental visits in the past year (10) .
In contrast to self-perceived oral health measures, normative need is a more objective measure assessed by a dental professional (4) . Normative need is also described as clinically defined need, treatment need, or evaluated need (11) . The literature shows a consistent positive association between the presence of clinically defined need and infrequent dental services utilization. Research by Muirhead et al. (9) and Arcury et al. (12) affirmed the "Paradox of Need," stating that those not receiving dental care are those who need dental care the most.
While clinically defined disease status (e.g., decayed or missing teeth) is one factor used in assessing overall oral health status, an individual's perception of oral health accounts for social, functional, and behavioral factors (13) . To date, no studies using a nationally representative sample of adults in the United States have simultaneously assessed the influence of both self-perceived oral health and normative need on dental services utilization. Prior studies were conducted outside of the United States (9, 11, (14) (15) (16) , focused on a narrow age group of adults (10, 13, 16, 17) , or included individuals with higher income and education (14) , thus limiting generalizability to the US population. Consequently, this study's aim was to assess whether self-perceived oral health and normative need are associated with dental services utilization as measured by a visit to a dentist in the past 12 months in a nationally representative sample of US adults. Variations across racial/ethnic groups were also assessed.
Methods

Data source and sample size
Data from National Health and Nutrition Examination Survey (NHANES) 2011-2014, which is a populationbased, cross-sectional survey designed to collect information on the health and nutrition of the US population, were used (18) . NHANES used a stratified, multistage, clustered sampling design to obtain a representative sample of the non-institutionalized civilian US population (19). NHANES data were collected via home interviews, and dental and health examinations were conducted in mobile examination centers (MEC). Oral health examinations were conducted by trained and calibrated dentists in the MEC to ensure adequate data quality (20).
The analyses were limited to participants age ≥30 years with full mouth periodontal charting data (20). Of the 19,931 adults with household interview data, 9,379 were identified as being 30 years or older. From this group, those who were edentulous (1,722), or did not have complete dental utilization and self-perceived oral health status data (14) , or did not have complete oral health exam data were excluded (700). Those missing key covariates (income, race, gender, marital status, and general health status) 1,137 were then excluded to yield the final analytical sample of 5,806 adults. Individuals excluded from the analyses were similar to those included except for slightly greater periodontal disease, lower satisfaction of overall health, and favoring not having a dental visit.
Conceptual framework
The outcome of interest for this study was the use of dental services. Phase 4 of the Andersen behavioral model (21) guided the analyses since utilization of dental services is a relatively complex multidimensional phenomenon (22) . For several decades, Andersen's behavioral model has been used as a tool to help define and differentiate these dimensions (22) . Three major components of this model include predisposing factors, enabling factors, and need factors (23) . Predisposing factors include "biological imperatives" such as age, gender, race/ethnicity; social structure assessed by level of education and marital status; psychological factors including depression, anxiety, and mental health status; and health beliefs assessed by perceived general health (21). Enabling factors such as financing factors that involve the income and wealth at an individual's disposal to pay for health services (21,23). Furthermore, the model differentiates between perceived need for health services (i.e., how people view and experience their own general health, functional state, and illness symptoms) and evaluated need (i.e., professional assessments and objective measurements of patients' health status and need for care) (21,23). The ultimate focus of the model is on health behavior of individuals, specifically, the use of health services (22) . In addition, the model explicitly includes the health care system, recognizing that the national health policy and organization of resources in the health care system are important determinants of the population's use of services (21). The model also recognizes that the external environment (including physical, political, and economic components) is important for understanding use of health services (21). Personal health practices such as smoking are also included as having the potential to interact with use of formal health services and ultimately influence health outcomes.
Dependent variable
Dental utilization was defined as self-reported dental visit within the past 12 months. During the home interview, NHANES participants were asked, "about how long has it been since you last visited a dentist?" Response options included less than 6 months, 6 months to less than a year, 1 year to less than 2 years, 2 years to less than 3 years, 3 years to less than 5 years, greater than 5 years, and never (24) . To reflect the US Public Health Service recommendation for a yearly oral examination for all adults (25) and the HP2020 LHI to have a dental visit in the past year (3), valid responses were recoded dichotomously either as "Yes" or "No" to having a dental visit in the past 12 months.
Key independent variables
The home interview question: "Overall, how would you rate the health of your teeth and gums?" was used to assess self-perceived oral health status (24) . Responses were recoded as a dichotomous variable representing satisfied (excellent, very good, or good) and not satisfied (fair or poor) (26) .
Clinical data collected during the NHANES oral health examination were used to identify normative need. All four different normative need variables, untreated decay, number of teeth present, periodontal disease, and a more general normative need variable, recommendation to seek care, were assessed (20). Untreated decay was categorized as no decay, one decayed tooth, or two or more decayed teeth.
The number of teeth present was grouped based on functional dental status (1-19 teeth present versus 20 or more teeth present) (27) . Research has shown that oral health quality of life is adversely affected as the number of teeth present falls below 20. There have been many attempts to identify a minimum dentition required to maintain oral function and, generally, that number has been no less than 20 natural teeth remaining (28) . Additionally, as part of an ambitious set of global oral health goals for 2020, the World Dental Federation (FDI), World Health Organization (WHO), and International Association for Dental Research (IADR) defined a functional dentition as having 21 or more natural teeth (29) . Therefore, this cut-point was used to categorize number of teeth.
Periodontal disease was categorized using the Centers for Disease Control and the Prevention/American Academy of Periodontology definitions for mild, moderate, and severe periodontitis (30) . Severe periodontitis was defined as the presence of two or more interproximal sites with 6 mm or more attachment loss (AL) (not on the same tooth) and one or more interproximal site(s) with 5 mm or more pocket depth (PD) (30) . Moderate periodontitis, among those who did not meet the severe periodontitis case definition, was defined as two or more interproximal sites with 4 mm or more clinical AL (not on the same tooth) or two or more interproximal sites with PD 5 mm or more, also not on the same tooth (30) . Mild periodontitis, among those who met neither the severe nor moderate periodontitis case definition, was defined as two or more interproximal sites with 3 mm or more AL and two or more interproximal sites with 4 mm or more PD (not on the same tooth) or one site with 5 mm or more PD (30) .
A more general normative need variable was based on the dentists' overall recommendation for care and was derived from the four levels identified by the dental examiner. Levels 1-3 (see a dentist immediately; see a dentist within 2 weeks; see a dentist at the earliest convenience) were combined to represent a need to "seek care" and individuals identified as Level 4 were classified as "routine care" (20).
Other variables
Predisposing factors (e.g., age, race/ethnicity, gender, level of education, perceived general health, marital status) and psychological factors (e.g., depression, anxiety, mental health status) were assessed (31-33). Age was grouped as 30-44, 45-64, and 65 and over. For race/ethnicity, categories used were Non-Hispanic White, Non-Hispanic Black, Non-Hispanic Asian, and Hispanic (other Hispanic and Mexican-American). Level of education represented the highest grade or level of school completed or the highest degree received and was categorized as less than 12 years, 12 years, or greater than 12 years. The ratio of family income to poverty (PIR) guidelines was used to assess the impact of enabling resources (31). The PIR was categorized as less than 100 percent, at or above 100 percent but less than 300 percent, and at or above 300 percent.
Perceived general health was recoded as a dichotomous variable: excellent, very good, or good versus fair or poor. For marital status, married/living with a partner was recoded as married, widowed/divorced/separated was recoded as divorced and never married was recoded as single. For cigarette smoking, if a participant reported smoking less than 100 cigarettes in their life, they were categorized as never using cigarettes. If they smoked at least 100 cigarettes in their life, but currently were not smoking at all, they were identified as a former smoker. If they smoked at least 100 cigarettes in their life and now smoked, they were identified as a current smoker.
A nine-item depression screening instrument, the Patient Health Questionnaire, was administered to determine the frequency of depression symptoms over the past 2 weeks (33). A score between 0 and 4 indicates minimal depression, 5 and 9 indicates mild depression, 10 and 14 indicates moderate depression, 15 and 19 indicates moderately severe depression, and 20 and 27 indicates severe depression. To assess anxiety (32), respondents were asked, "During the past 30 days, for about how many days have you felt worried, tense, or anxious?" For mental health, which includes stress, depression, and problems with emotions, respondents were asked, How many days during the past 30 days was your mental health not good? Responses ranged from 0 to 30 for both anxiety and mental health status.
Analysis
All analyses were conducted using SAS version 9.3 (SAS Institute, Cary, NC, USA). SAS survey procedures were used to estimate odds ratios (OR) and 95% confidence intervals (CI). Individual weights were used to account for non-equal probability of selection, and cluster and strata weights to account for the complex sample design. A pairwise t-test was conducted to assess the relationship between the independent variables and dental utilization using a t-statistic at P < 0.05.
Separate multivariable logistic regression models were used to assess the association between not having a dental visit in the past 12 months and perceived oral health status, recommendation to seek care, periodontal disease, decay status, and the number of teeth present. Models that combined both self-perceived oral health status and normative need measures were used to assess how both variables were associated with not having a dental visit in the past 12 months. Backwards selection was used to identify covariates that significantly influenced the association between the key independent variables of interest and the dependent variable. The following variables derived from the Anderson's behavioral model were included in the initial model: age, gender, race, PIR, education, marital status, anxiety, mental status, depression, perception of general health, and smoking status (21). Independent variables that were significantly associated with the dependent variable at P < 0.1 were retained in subsequent models. With fewer variables left in the model, the reference was set to P < 0.05 to generate the final parsimonious model containing only significant variables. Interactions were assessed during the final process to determine parsimonious models (P < 0.05). Race/ethnicity was identified as a significant effect modifier and analyses were stratified by race/ ethnicity.
Results
Overall, the majority of the respondents were nonHispanic Whites (71.7 percent), with over 12 years of education (66.4 percent), and either married or living with a partner (68.7 percent). Approximately, 54 percent of respondents reported income at or above 300 percent of the poverty threshold and more than half of the respondents had never smoked cigarettes (56.0 percent). Of the 5,806 respondents, 33.8 percent did not have a dental visit in the past 12 months (Table 1 ). More than onequarter (26.9 percent) were not satisfied with their oral health. Approximately one in five (22.7 percent) adults had untreated dental caries, 27 percent had periodontitis, 13 percent had 1-19 teeth present, and 53.4 percent received a recommendation to seek care. Table 2 shows multivariable regression results for the five "need" explanatory variables with not having a dental visit in the past 12 months stratified by race/ethnicity. In logistic regression models not controlling for confounding, Non-Hispanic (NH) Whites unsatisfied with their oral health were about five times more likely to not have a dental visit compared to those who were satisfied with their oral health (OR = 4.5, 95% CI: 3.2-6.2). NH Blacks who were unsatisfied with their oral health were about two times more likely not to have a dental visit (OR = 2.3, 95% CI: 1.7-3.2) ( Table 2 , Model 1). In adjusted models, results were attenuated and NH Whites who were unsatisfied with their oral health were about three times more likely to not have a dental visit in the past 12 months compared to those who were satisfied with their oral health (OR = 3.4, 95% CI: 2.4-5.0). However, NH Blacks were twice as likely (OR = 2.0, 95% CI: 1.5-2.8) to not have a dental visit in the past 12 months, representing little change from the unadjusted model. The result for Asian-Americans was not statistically significant (OR = 1.5, 95% CI: 0.9-2.3) ( Table 2 , Model 1).
In adjusted analyses, NH Whites and Asian-Americans with a recommendation to seek immediate-early care were about four times more likely to not have a dental visit in the past 12 months compared to those recommended to have continued routine care (OR = 3.6, 95% CI: 2.9-4.6 and OR = 4.0, 95% CI = 2.5-6.4, respectively) ( Table 2 , Model 2). Moreover, NH Whites with one decayed tooth were four times more likely to lack a dental visit compared to those without decay. NH Whites with two or more Self-perceived oral health, normative need, and dental services utilization F. Adunola et al. Across all racial/ethnic groups, those with mild periodontitis were about two times more likely to lack a dental visit compared to those with normal periodontal status. However, NH Whites with moderate-severe periodontitis were four times more likely to not have a dental visit compared to those with normal periodontal status (OR = 4.0, 95% CI: 2.9-5.5). Other groups were about three times more likely to not have a dental visit (NH Blacks OR = 2.7, 95% CI: 2.0-3.7; Asian-American OR = 3.1, 95% CI: 2.0-4.8; Hispanics OR = 2.8, 95% CI: 2.0-4.0) ( Table 2 , Model 4). There was little change in the estimated odds between the unadjusted and adjusted models across all racial/ethnic groups -those with mild periodontitis were still twice as likely to not have a dental visit in the past 12 months compared to those with normal periodontal status ( Table 2 , Model 4).
Lastly, NH Whites with fewer than 20 teeth present were about twice as likely to lack a dental visit in the past 12 months compared to those with 20 or more teeth present. The association between number of teeth present and dental visit in the past 12 months was not significant for NH Blacks, Asian-Americans, and Hispanics (Table 2 , Model 5). Table 3 shows results from multivariable models that included self-perception of oral health status and each of the normative need variables stratified by race/ethnicity. After adjusting for self-perceived oral health status as well as age, gender, income, and marital status (Table 3 , Model 1), Asian-Americans who needed to seek care immediately-early were still almost four times as likely to not have a dental visit in the past 12 months compared to those who needed to continue routine care (OR = 3.9, 95% CI: 2.5-6.3). NH Whites who needed to seek care immediately-early were about three times as likely to not have a dental visit (OR = 2.9, 95% CI: 2.2-3.7). After adjusting for the same variables as Model 1, NH Whites with untreated decay were about three times as likely as those without decay to not have a dental visit in the past 12 months (OR = 2.7, 95% CI: 1.8-4.1 for one decayed tooth, OR = 2.7, 95% CI: 1.9-3.8 for ≥2 decayed teeth) ( Table 3 , Model 2). After adjusting for self-perceived oral health status and select sociodemographic variables, NH Whites with mild periodontitis were still about two times as likely to lack a dental visit in the past 12 months (OR = 1.6, 95% CI: 1.2-2.2) and those with moderate-severe periodontitis were about three times as likely (OR = 2.8, 95% CI: 2.1-3.7) to lack a dental visit. Results for Asian-Americans Self-perceived oral health, normative need, and dental services utilization F. Adunola et al. F. Adunola et al. Self-perceived oral health, normative need, and dental services utilization Self-perceived oral health, normative need, and dental services utilization F. Adunola et al.
with mild periodontitis did not reach statistical significance (OR = 1.7, 95% CI: 1.0-2.8) while those with moderatesevere periodontitis were three times as likely to not have a dental visit in the past 12 months compared to those without periodontal disease (OR = 2.9, 95% CI: 1.7-4.8) ( Table 3 , Model 3). In adjusted regression analyses with both perception and number of teeth present, the association was not significant in terms of number of teeth present and not having a dental visit in the past 12 months for all race/ethnic groups (Table 3 , Model 4).
Discussion
In this nationally representative study of US adults, both perceived oral health status and normative need measures were associated with not having a dental visit in the past 12 months. The results are novel because they highlight the differences in these associations by race/ethnicity. It shows multi-level influences on dental utilization in alignment with the Andersen model. Our findings corroborate prior studies reporting that those who were unsatisfied with their oral health status were more likely to lack a dental visit in the past 12 months compared to those who were satisfied with their oral health status. For example, Muirhead et al. (9) showed that working poor adults who reported worse self-rated oral health were low dental service users. Similarly, a study among Danish adults aged 20-69 showed a positive association between perceived oral health status and dental visits (15) . In our study, the magnitude of association between being unsatisfied with ones' oral health and not having a dental visit was strongest among NH Whites (three times as likely to not have a dental visit) and weakest among NH Blacks (two times as likely to not have a dental visit). This suggests that predisposing factors, principally race/ ethnicity, may be an effect modifier influencing the relationship between enabling factors (e.g., income and dental visits) differently in the United States. More importantly, in our study this modifying effect influenced NH Whites more than NH Blacks and Hispanics. Race/ethnicity can be considered a proxy for cultural factors on a macro level. The impact of race/ethnicity is complex and can influence perceived oral health status and normative need in a variety of different ways. For example, the social environment (e.g., community practices, community education, social stigma) and cultural environment (e.g., importance of oral health, beliefs about oral health) can influence infection transmission (e.g., caries infection transmission, periodontal infection), individual psychology (e.g., taste preference for sugar, fear of dentists, and dental treatment), and ultimately impact oral health outcomes and oral health-related quality of life (34). Wu et al. (35) specified that perceptions of health and health beliefs are rooted in social and cultural contexts. Sociocultural variables, including ethnicity, are important factors that influence the identification of and response to illness (36) . Moreover, the literature supports the notion that culture shapes perception, explanations, and behavioral options that influence understanding and response to illness (36) . The NHANES 2011-2014 did not assess cultural attitudes toward oral health and dental care; therefore, we have no information on the effect of cultural factors on self-perceived oral health status in this sample.
Self-perceived oral health was not associated with dental visits among Asian-Americans even when simultaneously controlling for normative need measures, suggesting that normative need may be a greater predictor of not having a dental visit than self-perceived oral health status in this population. Oral screenings by non-dental personnel and referral to an oral health care provider might be more beneficial for this group to promote use of dental services than simply providing oral health education and promotion. One of the logical expectations of the Andersen model is that normative (evaluated) need is more closely related to the kind and amount of treatment that will be provided after a patient has presented for care (21).
Our findings support the "Paradox of Need." Those who needed to seek care were more likely to lack a dental visit in the past 12 months compared to those who needed to continue routine care. In addition, those with untreated decay and periodontal disease were more likely to lack a dental visit in the past 12 months compared to those without decay and periodontal disease. These results are similar to findings from Gilbert et al. (37) which also showed that clinically determined need is associated with a lower likelihood of seeking dental care. Additionally, research by Muirhead et al. (9) and Arcury et al. (12) affirmed the "Paradox of Need," stating that those not receiving dental care are those who need dental care the most. These findings suggest the need to reduce barriers that affect the use of dental services as well as to motivate individuals to seek and access dental care regularly. Oral health promotion initiatives to improve knowledge of the value of regular, professional oral health care are also needed.
One of the strongest associations among self-perceived oral health, normative need measures, and not having a dental visit was seen among NH Whites. NH Whites were about three times more likely to lack a dental visit when they had moderate-severe periodontitis, two or more decayed teeth, or received a recommendation to seek care when simultaneously controlling for self-perceived oral health status. In comparison, NH Blacks and Hispanics were about two times more likely to lack a dental visit when they either had moderate-severe periodontitis, two or more decayed teeth, or received a recommendation to seek care when simultaneously controlling for self-perceived oral health status. There was no association across all racial/ethnic groups between number of teeth present and not having a dental visit when simultaneously controlling for selfperceived oral health status.
In 2013, the unemployment rate of NH Whites was as low as 6.5 percent compared to 13 percent for NH Blacks (38). A study by Manski et al. (39) revealed that employed individuals visited the dentist less frequently than did people without employment. This may be due to time constraints of a full-time job and conflicts with appointment scheduling both of which may have influenced our findings for NH Whites. If this is the case, more dental care programs should consider extended hours to accommodate the needs of working adults who experience more scheduling difficulties. According to the Andersen model, organizational factors such as means of transportation, travel time to and waiting time for care, the location and office hours of health services facilities all impact utilization of services (23) .
Our study identified race/ethnicity variations with perceived oral health status and normative need which inform the need for a culturally competent workforce to address the oral health needs of the population. According to the most recent standards, the Commission on Dental Accreditation (CODA) stipulates that "students should learn about factors and practices associated with disparities in health" (40) . Community-based dental education has been shown to improve students' communication skills with patients from diverse groups, facilitate students' understanding of the social determinants of health behaviors, and help students develop professionally (41, 42) . Another key strategy for dental schools is the inclusion of cultural competence training in the dental curriculum. This aligns with the US Department of Health and Human Services, Office of Minority Health (OMH) guidance on cultural competence in health care (43) . Overall, our findings suggest that there is a need to better understand the relationship between perceived and normative need, race/ethnicity identification, and oral health to help reduce health disparities and improve public health.
Several limitations in this study are noted. The crosssectional nature of the data does not allow for the temporality of the association to be determined. Since this study focuses on dentate adults aged ≥30 years, results may not be generalizable to individuals younger than 30 or to the edentulous population. Although persons with no teeth still need dental care, their needs are different from the dentate population. The perceived and normative needs of the edentulous population should be evaluated in a future Self-perceived oral health, normative need, and dental services utilization F. Adunola et al.
study. Nevertheless, the strength of this study is that it uses a nationally representative sample of adults not selected based on any pre-existing health condition. Additionally, this study bridges a key research gap by examining selfperceived oral health status, normative need, and dental services utilization simultaneously. Overall, there were variations across racial/ethnic groups between the association of perceived oral health status and each normative need measure on not having a dental visit in the past 12 months. This study's findings may be beneficial to develop a targeted approach to improve yearly dental visits. In instances where perceived oral health status is a greater predictor of having a dental visit than normative need, strategies to improve perception of oral health should be employed. Oral health education and outreach efforts may be beneficial in addition to addressing cultural factors due to the interaction observed with race/ethnicity. Public perceptions may be improved through health promotion initiatives to enhance oral health literacy and knowledge of the value of regular, professional oral health care (44) . Nevertheless, in instances where normative need is a greater predictor of utilization, enhanced efforts are needed to reduce barriers to accessing oral health care. Variations in results across racial/ethnic groups suggest that addressing factors affecting oral health literacy and cultural competence may be required to effectively increase dental utilization. This may become more important over time as the nation becomes more ethnically diverse. The results of this study add new knowledge that can be used to help guide future research assessing the impact of race/ ethnicity and culture on perceived oral health and normative need. For example, identifying effective interventions that incorporate multi-level influences of race/ethnicity and culture could lead to new programs that effectively improve oral health and reduce health disparities.
